This work reports the chemical composition and cytotoxic evaluation of the essential oils from three different samples of the leaves of Porcelia macrocarpa R. E. Fries (Annonaceae). The crude oils, obtained by hydrodistillation procedures, were chemically analyzed by GC/MS. The obtained data indicated the predominance of sesquiterpenes (89.8 ± 0.7%), the main compounds being germacrene D (47 ± 1%) and bicyclogermacrene (37 ± 1%). These oils also contained the monoterpene verbanyl acetate (0.5 ± 0.06%) and the diterpene phytol (1.2 ± 0.3%). The crude oils obtained from leaves were pooled and tested in vitro against six cancer cell lineages -murine melanoma (B16F10-Nex2), human glioblastome (U87), human cervical carcinoma (HeLa), human leukemia (HL-60), human colon carcinoma (HCT), human breast adenocarcinoma (SKBr), and human melanoma (A2058), as well as against a non-tumorigenic human cell line (HFF). Since the essential oil reduced more than 50% of the viability of several tumor cells at 100 g/mL, indicating the presence of active compounds, the crude material was subjected to fractionation over a SiO 2 /AgNO 3 column. This procedure afforded different fractions composed of pure as well as different mixtures of bicyclogermacrene and germacrene D, which were tested against the same tumor cell lines, indicating a significant cytotoxic potential against HL-60 cells. These results suggested that the crude oils and their components, mainly germacrene D, could be used as prototypes for the development of new anti-cancer agents for the treatment of human leukemia.
Porcelia macrocarpa R.E. Fries, family Annonaceae, is a tree that has been recorded for the Cerrado and Atlantic Forest regions of the Brazilian biome [1] . From the seeds of P. macrocarpa were isolated acetylenic acetogenins [2] , while amides, lignanamides, and alkaloids were isolated from the branches [3] [4] [5] . Other compounds, obtained from polar fractions, such as amino acids, trimethylammonium salts and glycosylated flavonoids were also described from the branches [6] . Additionally, the chemical composition of the essential oil from the leaves was reported, with sesquiterpenes as the main components [7] . In the course of our studies with pharmacologically active plants of Brazilian Atlantic Forest regions, we describe herein the identification of one monoterpene, seven sesquiterpenes and one diterpene from the essential oils from the leaves of this species, as well as the in vitro cytotoxic evaluation of the crude oils and purified compounds against murine and human tumor cell lins.
The chemical compositions and relative percentages of constituents identified in the essential oil obtained from three different samples of P. macrocarpa leaves are shown in Table 1. This table also shows the yield of essential oils, which were calculated on the basis of the weight of fresh leaves. In comparison, the yield of the essential oil previously analyzed [7] was calculated as 0.03%, significantly lower than that found in the present study (0.05%). The identification of volatile derivatives was carried out by interpretation of their mass spectra and by determination of their respective Kovats indexes [8, 9] .
Chemically, the crude oil from the leaves of P. macrocarpa was composed of eight major components, corresponding to approx. 91% of the total identified volatiles. The characterized compounds were grouped into three classes: a monoterpene (verbanyl acetate: 0.5 ± 0.06%), sesquiterpenes (89.8 ± 0.7 %), and a diterpene (phytol: 1.2 ± 0.3%).
As seen in Table 1 , the main compounds found in the crude oil were the hydrocarbon sesquiterpenes germacrene D (47 ± 1%) and bicyclogermacrene (37 ± 1%). Beside these, -copaene, iso-longifolene and -cedrene were also found in proportions higher than 1%. In comparison with the oils previously analyzed [7] , both oils were composed mainly of germacrene D and bicyclogermacrene, while oxygenated sesquiterpenes, such as spathulenol, globulol, and cis-cubenol, were not found in the present analysis. This is the first record of the monoterpene verbanyl acetate in the oil of P. macrocarpa leaves. Based on this evidence, further investigations should be carried out to investigate NPC Natural Product Communications the influences of some environmental [10] and/or microclimatic [11] factors in the production or accumulation of volatile compounds in P. macrocarpa.
Additionally, based on evidence that essential oils showed in vitro cytotoxicity effects [12] , the obtained crude oils from leaves of P. macrocarpa were pooled and evaluated against seven different tumor cells (B16F10-Nex2, U87, HeLa, HCT, HL-60, SKBr, and A2058), as well as a non-tumorigenic human fibroblast cell line (HFF), at a concentration of 100 g/mL, using methanol as solvent. The cellular viabilities of the crude oil to each cell lineage, expressed as a percentage, are presented in Table 2 . Cell lines: B16F10-Nex2: murine melanoma, U87: human glioblastome, HeLa: human cervical carcinoma, HL-60: human leukemia, HCT: human colon carcinoma, SKBr: human breast adenocarcinoma, A2058 human melanoma, HFF: non tumorigenic human cell line.
The crude leaf oil of P. macrocarpa showed significant activity against murine melanoma cells (B16F10-Nex2), with 5.0 ± 0.2% cellular viability after treatment. Human leukemia cells (HL-60), glioblastome (U87), and colon carcinoma (HCT) were also sensitive to the tested oil, with cellular viability of 31, 42 and 51%, respectively. A viability of 65% for the non-tumorigenic cells (HFF) after treatment with the crude oil indicated a moderate selectivity of the crude oil to the tumor cells.
The crude oil was fractionated on a silica gel column soaked with AgNO 3 in order to isolate and determine which compounds were responsible for the anti-tumor activity [13, 14] . This procedure afforded seven fractions, of which fraction 1 was a complex mixture, while fractions 2 -7 contained different amounts of germacrene D and bicyclogermacrene, as shown in Table 3 . Dose-response curves against the four more active cell lineages (B16F10-Nex2, HCT, HL-60, and HFF) were generated for fractions 2 -7, as well as for the positive control, doxorubicin, and IC 50 values were calculated ( In summary, chemical analysis of the essential oil from the leaves of P. macrocarpa indicated that germacrene D and bicyclogermacrene, the major compounds found in the oil (47 and 37%, respectively), would seem to be responsible for the observed cytotoxic effects of the crude essential oil [15, 16] .
Experimental
Plant material: Three samples of leaves from the same specimen of P. macrocarpa were collected at Jardim Botânico de São Paulo, São Paulo State, Brazil, on March, 15 th , 2011. A voucher specimen has been deposited in the herbarium of the Instituto de Botânica, São Paulo, Brazil under reference SP76791.
Extraction of essential oils:
Each sample of fresh leaves (300 g) was individually subjected to hydrodistillation in a Clevenger type apparatus for 4 h. After extraction, the oils were dried over anhydrous Na 2 SO 4 , filtered and the solvent evaporated under reduced pressure to give 150.1 ± 0.1 mg of pale yellow oil (yield 0.05 ± 0%). Chemical analyses of the obtained crude oils were performed immediately.
Compounds identification:
The crude oils were analyzed by GC/MS. Identification of the components was based on comparison of their MS with those in the Wiley 229 library data base, and confirmed by determination of their Kovats indexes, which were determined relatively to the retention times of a series of n-alkanes [8] . The quantitative data are presented as the average of 3 determinations ± standard deviation.
General procedures: GC/MS analysis was carried out using a Shimadzu GC-17A chromatograph interfaced with a MS-QP-5050A mass spectrometer. Helium was used as the carrier gas. The MS operating conditions were: ionization voltage 70 eV ion source, 230°C. A RtX-5 column (30 m × 0.25 mm internal diameter. with Essential oils from Porcelia macrocarpa Natural Product Communications Vol. 8 (2) 2013 279 0.1 μm film thickness) was used, with temperature programming as follows: 60-240C at 3C/min. The injector and interface temperatures were established as 220C and 240C, respectively. Component concentrations were calculated from GC peak areas in the order of DB-5 column elution (Table 1) .
Essential oil fractionation:
The essential oils extracted from 3 samples of leaves of P. macrocarpa were pooled and part of this (100 mg) was submitted to CC on silica gel soaked with AgNO 3 (15%) and eluted with CH 2 Cl 2 and CH 2 Cl 2 -MeOH (95:5 and 9:1) affording 7 fractions, which were analyzed by FID-GC.
Cell lines:
The murine melanoma cell line B16F10 was originally obtained from the Ludwig Institute for Cancer Research (São Paulo, Brazil). The murine melanoma B16F10-Nex2 subline is characterized by low immunogenicity and moderate virulence. Human melanoma (A2058), glioblastoma (U87), colon carcinoma (HCT), breast adenocarcinoma (SKBr), leukemia (HL-60), and human foreskin fibroblast (HFF) cell lines were obtained from the Ludwig Institute for Cancer Research. Human cervical carcinoma (HeLa) was acquired from Dr Hugo Pequeno Monteiro, UNIFESP. All cells were cultured at 37°C in a humidified atmosphere containing 5% CO 2 , in RPMI 1640 medium (Invitrogen, Carlsbad, CA) supplemented with 10 mM N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid (Hepes) (Sigma, St. Louis, MO), 24 mM sodium bicarbonate (Sigma), 40 mg/L gentamycin (ScheringPlough, São Paulo, Brazil), pH 7.2, and 10% fetal calf serum (Invitrogen).
In vitro cytotoxic activity: The essential oils extracted from the leaves of P. macrocarpa were re-suspended in methanol at a final concentration of 100 g/mL and incubated with 1 × 10 4 tumor or non-tumorigenic cells in a 96-well plate. After 24 h of incubation, cell viability was measured using the Cell Proliferation Kit I (MTT) (SIGMA), an MTT-based colorimetric assay [17] . Readings were made in a plate reader at 570 nm with a reference of 650 nm. All experiments were performed in triplicate. To determine IC 50 values, the stock solution at 10 mg/mL was diluted in RPMI medium containing 10% fetal calf serum ranging from 100 to 0 µg/mL and then incubated with cells at 37°C, as previously described [18] . Methanol and doxorubicin (0.1 mg/kg, Sigma-Aldrich, St.Louis, MO) were used as negative and positive controls, respectively.
